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CHARACTERIZATION AND ANALYSIS 
OF DEVONIAN SHALES AS RELATED TO 
RELEASE OF GASEOUS HYDROCARBONS 

Quarterly Technical Progress Report 
April - June 1979 

EXECUTIVE SUMMARY 

This eleventh Quarterly Technical Progress Report on the Characteri- 

zation of Eastern Devonian Gas Shales as Related to Release of Gaseous 

Hydrocarbons, under U. S./DOE Contract No. DE-AC21-76MC05205, describes the 

characterization data obtained during the period April through June, 1979. 

This program was initiated in September, 1976, with the objective 

and scope of determining the relationships between the shale characteristics, 

hydrocarbon gas contents, and well location, and thereby provide a sound 

basis for (1) assessing the productive capacity of the Eastern Devonian 

Gas Shale deposits, and (2) guiding research, development and demonstration 

projects to enhance the recovery of natural gas from the shale deposits. 

Included in the scope of the program are a number of elemental tasks as a 

part of the Resource Inventory and Shale Characterization subprojects of 

DOE's Eastern Gas Shales 

support data for current 

Project designed to provide large quantities of 

and possibly future needs of the Troject. 

INTRODUCTION 

The tenth Quarterly Technical Progress Report was devoted to the 

Y-l (Allegany County, New York) well. A thorough presentation and discussion 

of the characterization data along with Automatic Interaction Detection (AID) 

analysis were made. This eleventh Quarterly Technical Progress Report 

presents and discusses data on V-7 (Wetzel County, West Virginia), K-4 

(Johnson County, Kentucky), and W-4 (Hardin County, Illinois) shales. 

BATTSLLE - COLUMSUS 
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OBJECTIVE AND SCOPE 

The objective of this program is to determine the relationships 

between shale characteristics, hydrocarbon gas content, and well location 

to provide a sound basis for defining the productive capacity of the Eastern 

Devonian Shale deposits and for guiding research, development, and demon- 

stration projects to enhance the recovery of natural gas from the shale . 

deposits. The program includes a number of elemental tasks as a part of 

the Resource Inventory and Shale Characterization subprojects of DOE's 

Eastern Gas Shales Project and is designed to provide a wide variety of 

support data for that project. 

Approximately 1000 core samples of gas bearing Eastern Devonian 

Shale will have been examined by the end of the program. After the 

characterization data for individual wells have been compiled, a regression- 

type analysis for pattern recognition will be performed to establish the 

interrelationships between the shale characteristics, the hydrocarbon gas 

content, and well locations from which the samples were obtained. 

The following tasks comprise the total efforts in this research 

program: 

Task Descriptive Title 

1 Core Sampling 

2 Gas Content and Gas Release Kinetics 

3 Chemical Characterization of Shale 

4 Physical Characterization of Shale 

5 Lithology of Shale 

ANALYSIS AND DISCUSSION OF THE CHARACTERIZATION DATA 

The characterization data on the V-7 (Wetzel County, West Virginia) 

well are reported and discussed in the ensuing pages. 

BATTeLLS - COLUMBUS 
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Task 1. Well Coring 

Wetzel County, West Virginia (V-7) shales were cored and sealed 

in October 1978. There were 46 samples collected for Battelle and 63 

samples for other DOE contractors. Coring began at 6102 and stopped at 

6635 feet. A total of 533 feet of shale core was obtained. Responsible 

DOE contractor for this well was Mobay Chemical Company. 

Additional well and field sampling data on the V-7 well are 

reported in Tables 1 and 2. Figure 1 is a plot of on-surface time (that 

is the time it took to seal the shale samples in canisters after they 

were cored) for the V-7 shales. 

Task 2. Free Gas Contents and Gas Release Kinetics 

The initial gas release rates for the V-i well are summarized 

in Table 3. Methane contents in these shales range between zero and 31 

volume percent of the gas mixture in the free space surrounding the shale 

sample in the sealed canisters. Complete absence of methane in some of the 

samples is somewhat surprising. Another striking feature of Table 3 is 

that V-7 shales exhibit very significant quantities of higher chain hydrocarbon 

gases (C2-C5) as compared to the wells thus far analyzed. As pointed out in 

previous reports, the presence of significant quantities of hydrocarbon gases 

other than methane is a testimony to the high BTU quality of the natural gas, 

as gases C2 through C5 represent much higher energy contents than methane gas. 

In some of the V-7 shales, as shown in Table 3, methane is by no means the 

hydrocarbon gas in major quantities. 

Statistical analysis of the free gas data is given in Table 4. 

Average hydrocarbon gas volume per unit volume of shale is 0.32. Average 

ethane and propane contents are nearly as high as average methane contents. 

These figures are 9.6, 8.9, and 6.6 for methane, ethane, and propane, 

respectively. 

Figure 2 is a plot of hydrocarbon gas contents as a function of shale 

depth. Xo discernable pattern of relationshin is seen from this plot. 

EATTELLE - COLUMEUS 
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Task 3. Chemical Characterization Data 

Total carbon, hydrogen, nitrogen, and sulfur contents in the shales 

are reported in Table 5. Table 5 is characterized by a large scatter in 

carbon contents as indicated by the second column. These values range from 

0.4 to 14.1 percent by weight of shale. Another striking feature of Table 5 

is that of nitrogen values. Nitrogen contents in the previous well have 

generally been in the order of 0.1 percent with occasional values of 0.2 

percent. V-7 shales are the first group of specimens analyzed exhibiting 

nitrogen content beyond 0.2 percent going as high as 0.5 percent. Higher 

nitrogen contents coincide with high hydrogen and carbon contents indicating 

the extra nitrogen comes from organic sources. Sulfur contents also show a 

wide scatter ranging from 0.2 to 4.8 percent by weight of shale. 

Figures 3 through 6 summarize the chemical characterization data as 

a function of shale depth. Carbon contents (Figure 3) seem to decrease with 

depth from 6100 to 6400 feet; then a reverse in trend -- increase in carbon 

contents with depth is observed. Hydrogen contents (Figure 4) on the otherhand, 

remain relatively constant to depths of 64 feet then a slight increase with 

depth is noted. Possible patterns in H/C atomic ratios with depth is much 

less defined (Figure 5). Sulfur contents (Figure 6) follow much the same 

pattern as the carbon versus depth profile, in that two regions of decreasing 

and increasing sulfur contents with depth are observed. h depth of 6400 feet 

is again the turning point for the trend. 

Figures 7 through 9 illustrate relationships between the chemical 

characteristics (C, H, and S contents) and hydrocarbon gas contents. Data 

are too scattered to make any definite observation, though a general increase 

in hydrocarbon gas contents with carbon and sulfur is somewhat apparent. 

Task 4. Physical Characterization Data 

Partial physical characterization data (densities, porosity, 

and surface area) are compiled in Table 6 with the statistical parameters 

presented in Table 7. Yean bulk and true density values for 46 samples are 

261 and 276 g/cc, respectively, Average porosity calculated from the density 

SATTSLLE - COLUMBUS 
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values is 6.85 percent. Measured surface area values range from less than 

one to over eight square meters per gram. Porosity values found from the 

mercury intrusion method are summarized in Table 8. These average values 

are somewhat lower than the porosities calculated from the density data. 

Permeability measurements were made on five V-7 shales. These values are 

shown in Table 9. 

Hydrocarbon gas contents as a function of bulk density are plotted 

in Figure 10. Additional one-to-one relationships between the physical and 

chemical characterization data are illustrated in Figures 11 through 17. 

Task 5. Lithology of Shale 

Samples V-7-6104, -6194, -6293, and -6448 were similar in their 

abundant clay-mineral content, moderate quartz content and generally low 

pyrite and carbonate mineral content. Sample V-7-6104, when examined by 

petrographic microscope appeared to have a somewhat higher clay-mineral 

content than the other samples. As the K content, as shown by EDAX in Table 10, 

was comparable to that of the other samples, and the Al content higher, it is 

considered that the illite content is comparable to that of the other samples 

but this sample also contains kaolinite. As judged microscopically, the 

Sample V-7-6293 contained a moderate amount of pyrite, the other samples 

containing very little. The EDAX results indicated Sample V-7-6194 to 

contain the most, based on the Fe and S counts. Similarly, Sample V-7-6194 

was observed microscopically to contain more carbonate mineral than the 

other samples, which was not indicated by the Ca/Mg counts in Table 10. 

These discrepancies can be accounted for by the fact that different portions 

of the same sample were used for microscopic examination and for the energy 

dispersive analysis. 

As mentioned previously, Sample V-7-6344 was highly opaque to 

transmitted light making mineral identification nearly impossible. It is 

of interest that the Fe count of this sample was similar to that of the others 

indicating that the Fe was not responsible for the opacity. 

EATTELLE - COLUMEUS 
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TABLE 8. XERCURY INTRUSION POROSITY DATA 

Sequence 
Number SamDle I.D. 

Porosity Volume, 
Percent 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

4i 

44 

56 

V-7-6104 6.50 

V-7-6124 5.20 

V-7-6144 5.46 

V-7-6164 4.42 

V-7-6184 7.54 

V-7-6204 5.72 

V-7-6224 5.72 

V-7-6244 4.42 

V-7-6264 6.50 

V-7-6283 5.46 

V-7-6303 8.58 

V-7-6323 7-80 

V-7-6351 6.50 

V-7-6371 5.98 

V-7-6391 5.98 

V-7-6407 7.80 

V-7-6477 5.46 

V-7-6497 9.88 

V-7-6514 3.90 

V-7-6534 2.08 

V-7-6554 9.10 

V-i-6604 6.50 

v-i -6623 9.10 

SATTELLE - COLUMBUS 
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TABLE 9. PERMEABILITY VALUES OF 
SELECTED V-7 SHALES 

Sample I.D. Permeability, 
Number Darcy 

V-7-6104 7.48 x lO-7 

V-7-6204 2.16 x lO-5 

V-7-6303 2.49 x 10-6 

V-7-6477 3.32 x lO-6 

V-7-6534 2.50 x lO+j 

EATTBLLE - COLUMEUS 
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